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ABSTRACT

In this study, newly improved Ferron assay test haved on timed spectrometry was used for the determination of hyolrolytic
Al species presented in PACI coagulant. The color development reagent ferron was prepared by using conventional method
and two newly developed methods. Then the ferron assay test was used to compare and analyze the distribution of
Al(IIl) hydrolyzed species presented in the prepared PAC!I and alum. The preparing method of reagent A required an
aging period of 7 days by adding a hydroxylamine hydroxide and a 1,10-phenanthroline monohydrate reagent, whereas
the preparing method of reagent B was used as a coloring agent immediately without aging time. The regression analysis
between UV absorbance and Al concentrations of conventional method and newly developed method of ferron reagents
in low-concentration aluminum solutions and high-concentration aluminum solutions, showed the correlation coefficients
of 0.999 or higher, as showing high correlations of conventional method and newly developed method. Applying Ferron
assay test, Al species in the PACIs and alum were classified as Ala(monomeric Al), Alb (polymeric Al), and Alc (colloidal

and precipitated Al). Distribution of Al(ll) hydrolyzed species according to the preparation of ferron colorimetric reagents
was similar.
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1 WA=l Ferron &M H|WE ESH Al() 7ke-2aiE &4 A+

O

1. A

AA =l oA B 9 sh-HleA 2 Al S
4 Al 2 4Tl E(alum), PACIZF 282 Al(II)
A F712EZ -&ZA|(Polyaluminum Chloride: PACI)
7 T2 ol AREE AL Qlnk o]2dt A= AA
g 9 st A 2 go] ARSEY A= 1|
A7F A4, ARAA, SiAbY Tk 22 ket
wofoll A-&= 3l Ut} (Song, 2007). FZLoll= A
gt 19 AIAE 1% sk g A 7]El 2
AHEE]= alumth4l 118 SRAQ! PACIO] <
SHA| A= AL Qlek o= A2 A] PACKZ alum} H]
stol @vlE W IEA ARulE Fo| gl ot
obzbe] Aw7F Al floc Ao W22 E g 4 &
718 Aol EaAolet AU (Yu el al,
2011). Tejt PACIE) Bhegh ALgom A2l 4 o]
ArdFulEe el dFRrle JdE I
o2 Qs grrt F7bstal o] 23t A RUFuEo R
QAal <lAjof] gL mZth (Flaten, 2001; Han and
Kang, 2016).

71&e] AHEEl= PACIE: 7= wet 3
ol tt2m uwehA, 4 AT AA i L dEH
2 At AlA SHAS Aol QFEHTHKIm et
al., 2017). Ujol A= PACIS] Az W sufj A] H7}
= Ao, NaOH)o| Fkof wet % H7=2
gk 37)8kaL Qlvk weEbs] 54 d7]1%=9] PACIO|| g
H Al 7Rl o 9 e e dHRIA] o
= A o] §HIL Stk &F Al Al SHAE FUst
H Alo] SA| 7kl o] ThHEAS Alg(mononuclear
species), THEAA AlZ(polynuclear species)¥} 24 &
e O] precipitate species® ZHo]EH Tl o]F3st Al
7kl 2t 7 o S A4S YEY] diE
of &M oo 7t AE & olalst
= A ol Fasit

AFuE o] 2AI) JhpRF|Eo] OH 0]
ligand7} 312 wf pH 2710 whe} OH o] &3} of & §
Bj 2 ZA3l Fig 10|42} o] APY o] 28 7hpi
3| =] ] monomeric species@} polymeric speciesES 7] A
& 7}=E8)%E2] precipitate species® Y AJE T} o
7|4 polymeric species®| 7~ HF/JEiolA BdE
ksl Fo] obd HIAH = XY= oA
A 7kl Fo= AlOH) g2 Aol &= g ol A

=

oft e
ox

Rl

3

A7 7l Folvk pH7E S7Hekel whetk Al(OH)
olgor Hojr= S o = o FHALER
polymeric species®] #3zof wel FYAEC| THEH
el digol A FAol UelA polymeric
species®| FAJo] Fasith Wb ow dRulE 7h4
HolE AR HHA 2 HsHEE
2sol AA S Al =&

4> o o

Uttt wetA H3kEst 8o ¥oH g% AA
a&o| =4 yehdtt (Han, 2000).
ESE ok Foll EAh=s &l 2
2 iR 2Rk Q1 AlA A4
AAQst7) el gFrlEd
mechanism-& ©]8fisl= A o] Fastm, FFA o T
H A7 S £xE melst davt gl
(Han and Kang, 2010).
dFulg 7R $2 74 74

ZF ok
LEeRdth Polynuclear species 749 =
o

FAsHE A
d A7) o= fFoA SAsE Ad o
AEAS Aspdo] Al7]=dl aatAQl 7Rl &
o2 AHA A (Song, 2007). ojefgo] SHA| =
2] -3}shA el Ao sl Behs] atetstr] fiste] 3
A se-E Al 7HeEe)] £o] X E ulotel=
AL - Fastch ey PACIY| F7H gFulw
7R T2 A= Alx o] whebA okt
FH= EAst7] el Al 7his] Fo ExE

w457 915 W WRo] o] &E ottt

AR Fol AHEHIL e 24 o s 23|
o] wkg-gof 7]z3 (o), ferron assay), NMR
(nuclear magnetic resonace)¥] 1 2]o]|&= o] 2w EX]
£ o83 W, FAY ghejojuuls o] gt Wi,
744 2o AFRE 1 ¢l EMS-ICPMSH|(Tian et al.,
2021) & et 24 Wo] ZEEIL itk

U LoA= AN EA4 02 2H3}ghA| ¥hg-of
93t Ferron(8-hydroxy-7-iodo-5-quinoline-sulfonic acid)
Wk NMRY S 22 ALg5k7 ek o] 5 vz 7}
getn Azl BE FHES 245 YHow 4
g3t 40| 7F53t FerronH-2 NMR A7} A
gt AE yeEtdths A2 K(Parker and Betsch,
1992a, b)E Hof Wo] 2hg-x| 1 §lrk SFA|TF Ferron'H-2
PACI®] hydroxylamine hydrochloride, 1,10-phenanthroline
monohydrate A]2Fo] 7} - RE-g-AJ7te)] whE T3 9

=W Ee HEtER A Al F 5477t
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Aqua Al ion Al(H,0)5* Table 1. Conditions for the preparation of PACls
[ Hydrogen ion AlCl NaOH LR Mixing
: 2+ ° Injecti
Mononuclear species  Al(OH)(H,0)s ([OH]T/[ Al 02M 05 M n]f:téon intensity
- Hydrogen ion (mL) (mL) (ml/min) (rpm)
Polynuclear species Aly304(0OH).,"*
_ 0 100 0
T— Hydrogen ion 15 300 180
Precipitate Al(OH)3) - 1 600
. 2.0 200 160
11— Hydrogen ion )5 175 175
Aluminate ion Al(OH)s :

Fig. 1. Aluminum hydrolysis products(Crittenden et al., 2012).

Basichs A Baxoke] ALg 7|7ko] AR otk
= T-HE A Yl Qloj(Parker and Betsch, 1992a) Z|<*
7 A7 o) A% AFH T et
(Wang et al., 2004; Zhang et al., 2015).

olof ujal B Lo A= Ferron THAA|SF A=
Hofl wheh PACIO| ¥l AL 7hH2dlE 23
H|wskarzl sheicy WA, A doA it d7l=
Al PACIS A|z3te] alume® Al 7}sba)s
HEZE H|w3}tal, Ferron B A|QF A 2= hydroxylamine
hydrochloride, 1,10-phenanthroline monohydrate A]2F2]
W7} ol Aolo] wWE FHwo) HPHE Bl
og Hejeln ZhaelA) eke Al FlREE B

1o

1ot o=

2.1 PACI SEAI2| M=

2 Aol A AR SRAlE AFAA AT
71=H PACIH} v E ol A F7go4 LRt
HoZ AFSET 9t alum(AL(SOL)s- 16H0)S A&
atgith ¢7]=9 PACI AlZE 98] Al(I)EH-L 0.2
M AICL-6H0E Alxste] ARgstlon, d7|=2=
0.5 M NaOHE ARg-5to] sh= 97]=2] PACI 33
A& A=t of2d & A|AFSE 2 L batch P9
Hh5-7] Wiol 4709] baffles F2bstal 2E 9] 3]
T AT 5 e HE HEE ARESk] 2H
2 22 9] propeller stirrer2 -8-H-2 T3}-3ic] e
Yoz QIR AI(I)-E-N e 7hpisl M= F4= 2
a3t A717] 98l 971 U BFEe] A5 0.
o[st= sto] 1 mL/min®] £== F5tH o, ¢7]

Table 2. Characteristics of PACls prepared and alum

r Alr AlO; Basicity
(OHVIAL) | (M) (%) (%) PH
0 0.2 1.06 0.0 3.1
1.5 0.1 0.7 44.0 3.7
2.0 0.1 0.5 64.8 3.9
2.5 0.1 0.5 87.8 4.6
Alum 0.1 1.2 0.0 1.1

=9 PACI A2 7L Table 19 VeIt PACI
= Al(I-E-Hof 71 =zl H7] H7HES A7zt
1 3} 1(=OHued/Alr) 2 EA| ST}

FAEAL] 71E3 4 9 EA7]|E(MOE, 2017)
of whef Alxdt YA} alum®] AJE+A QL ARsR
FE(ALOs)(%), B71%=(%) B UAE] pHE 4]

3} o A¥= Table 2] Lreb it

A3 Al(IA F7] 2822 SHA Y] 7hs A4
=48 dolry] g HaaiAele] W8S
& 3 Ferron &4 X135} 9tt. Ferron WA A|
oF A|zof AMEE 5 7FA] WS Reagent A(Trinh,
2012), Reagent B(Zhang et al., 2015)2} EA|5}SIT).
Reagent A(Trinh, 2012)9] A X+ oS3 ot
o 2ol [ : 1.05 g9 ferron(8-hydroxy-7-iodo-5-quinoline-
sulfonic acid)ol] 2442 7}sko] 500 mL= 3hc}.

N fz
e 1o

«go 2 : 70 g sodium acetate®l| Z&5E 718l
200 mL= gtk
e &9 3 : 20 g Hydroxylamine hydrochloride®] 10

mL hydrochloric acidE gt}
g1 20} 891 38 T ORS8O 1€ bl =
&5 715te] 1 L2 Shch 12837 045 pym membrane
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it Ferron &4 HIRE &8 Al(ll) 78S &4 S

Preparation Ferron reagents

Add 25 mL mixed Ferron
into each of 6 glass tube
!
Remove 0, 10, 20, 40, 60, 80 ul
mixed Ferron from each of 6 glass tube, respectively
!

Add o, 10, 20, 40, 60, 80 ul of
1000 mg/L Al standard solution into each of 6 glass
tube, respectively

!

Measure absorbance at 370 nm

Procedure of Al hydrolytic species analysis

Add 25 mL mixed Ferron into glass tube

!
Remove 15 ul. mixed ferron
l
Add 15 nl 0.1 M Al solution,
count time
!

Mixing, adding into cuvette
in less than 40s

!

Measure absorbance at 370 nm

Fig. 2. Experimental procedure of speciation of Al solution using Ferron.

filer2 o Ths}el, A3 WAl Ajoke] QHEE 13 57
9 Fok HAstel ALgatert

Reagent B(Zhang et al., 2015)9] Az o3t &
t}. 39 g sodium acetateS 2F 400 mL Z&40 9
% 16 mL hydrochloric acid (1+1) §H3} 245 7}
3le] 1 L& 3to} o] 8o | g ferron(8-hydroxy-7-
iodo-5-quinoline-sulfonic acid)2 W27 W HFSIHA 3
Y & A3 mo]ar 10A17F F<eF wHFSke] 0.45 um
membrane filter2 ©]31}8}o] ALE-3}iTh

o) AHA kS Fig 29] Ao whet BHS A5
At}

Reagent A9} reagent BS] WFABA|OF A2 ®JHH-S <=A]
717}, hydroxylamine hydrochloride, 1,10-phenanthroline
monohydrate A]2F Z7}9] 2}o]7} lct.

Fig 33} Z¥o]| ferron Alefo] A=W FASHA &
T FA7F SRkl 1 ARk 302 = 3l o] % &
FErh ket 34E yEhal ferron Y Al oFako]
Hhg-o] &R ARSI 247 ¥ FRAIMC R

Al 7hpEel] 32 B2 2742 PACIY| ferron 2
A AR K7V A AL W2 A W85l Al (monomeric
Al), o]% Azte] wE FFE ®SF evteiA] =
Aly(polymeric Al), W}R| 2} O &2 ferron WA A]oFT} ¢ o]
A whS-o] dojubR] &= Al(precipitated Al)Z2 FLE-5}
o, ¥ FRAZLE AL} ferron Aol o] Hhgo] gk
Sjojof s FHE Halsk 7o) olLhA] ke uo]

o, ob&7kA] Wb FRAIZL] TiEt Heker 71zl gich

Alr

e e e e e e e e e

AN

Large polynuclear species or
incipient solid phase, Al.

Al

Absorbance
Al +Al

Intermediate polynuclear Al species, Al

Zhr

Time

Fig. 3. Schematic diagram of Al(lll) hydrolyzed species with
ferron assay (Trinh, 2012).

YR dTaEe] FRAME 2A7H0 At
O m(Bertsch et al., 1986) & T}2 JAJLAEL 305 F
L 1A FRAZS AASkTH (Tsai and Hsu,
1984). Al, Als A=st7] flsf g SRAIE =2
Al Fa5HA] gFor AL2F ALY T Aol Ajo|=
AbEste] Al 7hel $& g aleh o Aet
ferron HHAIA|OES: o] 835t A2 UV/VIS(UV/Visible
spectrometry, Shimadzu, UV-1800)5 A}2-3}¢] 370 nm
o FHwoIA 102 11202 2417 Sk Z4sterk
Z 42059 5= =42 ICP(Inductively coupled

plasma-atomic  emission  spectrometry, Perkinelmer,
Optima-8000)% AMgslo] AlM7IFEe] 5 24&

Ayt
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SAASHL Jar tester(Phipps & BirdAhE o] &3S
), paddle (two-blade)®] Z7]+= 2.5 W x 7.5 L cmZ 2
L 899 Ju Agstech muh SEs 3480
250 rpm(G = 550 sec), &&53} 30 rpm (G = 22
sec) o2 7k 7H 1%, 305 E<F mubelgk AAAI
302 % ¥ off 10 emA| 9] sampling tapS 55}

of A4t the SARAE AT

Table 3. Characteristics of raw water

Parameter Unit Range
pH ) 6.7~7.1
Turbidity (NTU) 5.0~5.5
TP (mg/L) 2.0~3.5
PO,-P (mg/L) 1.7~3.1

SR B2 Standard methods(APHA, 2017)¢f uwha}
FHSPL A A 24 FEI 7]7]8 Table 4
off Leb A

El = HACH, 2100P EFEAE AM83te] 24319,
DRP(Dissolved Reactive Phosphorus, dissolved ortho-P)+=
7hrES| B A4S ABHoxidation digestion)glo] of
Bt A=) B3 o | ) ot R B ey s

.
[

S
o

<
~
L

UV adsorbance (c

o
)
)

y=2.5731x-0.0553

(R*=0.9992)

o
o
L

00 05 10 15 20 25 3.0 35
Al concentration (ug/L)
(a) using reagent A

UV adsorbance (cm'1)

o
[N

Table 4. Analytical method and instruments

Unit
pH ()
Turbidity | (NTU)

Parameter Analytical method and instruments
pH meter (ORION, 420A)
Tubidity meter(HACH, 2100P)

UV/Visible spectrometry

-1
UVase | (omT) (Shimadzu, UV-1800)
Inductively coupled plasma-atomic
ICP (mg/L) emission spectrometry
(Perkinelmer, Optima-8000)
3.2 1

3.1 AI(l 7kr2el &

Fig. 404 Al(II) 7}eEal < A 243571 9
3 UFulE EZEH(Aluminum standard solution,
1000 mg)st ferron M AJOFRES] HESo] WHE UV
Z2A47FS 3 EASE adxo|tl. Reagent A%}
reagent B WHAA|OF Al B HE AFkE dFulE
REGO|A B FTolE REFAT AR
27} 0999 oo BT B ATHIS Uehhalch
webA] = 7EA] Al W BE AIJID 7 RS 59
Hepaol 45a Aoz muEr.

Z2EM A

OoL-— T

=
=
o

)

3.2 Ferron A|2F H|E HitHo| (12 SET OPHM

Reagent A A% W2 hydroxylamine hydrochloride
2} 1,10-phenanthroline monohydrate A]2Fo] d7}= th.
T Aefe R Qs w4 e FFE A Wit

o
=

o
o

o
~

y=29468 x - 0.0598

0.0 4 (R®=0.9991)

0.0 05 1.0 1.5 2.0 25 30 35
Al concentration (ug/L)
(b) using reagent B

Fig. 4. Correlation of UV absorbance and standard Al solutions.
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IWEl Ferron M BlwE E5t A

I(n) 7Es S8 A

b
71 E£3], ferron?} hydroxylamine hydrochloride A]
o] vkg &=7F =2)7] diZol A= F AS HAE
oo Ea 222 A 7

7t A Wsto] -7 HEo &
3 Trinh (2012)2] AL Al reagent A HHAY
A% F 59 Be] FHE $H7 2 Aol E B
¥ reagent B MALAIOF A2 $ FHE AR
#wobk WAk A2 A] 10A17F Wt % olzfat
2 19 sho] 77 370 nme] TPl FHE
=243}t Reagent A2 <A]7|7H5~7Y)S 1L
, reagent BE A &3 2P A ke 7Y Foto]
Hx}7F 0.002, AUZ=7) 0.13%=2 534 = H3}
7} gleka whekEle) Fig. 5ol GeRi ik wheba

2 ARG WA Aoke A% F 54 AHG]

m:@
5 %

reagent B=

(1).(2), (3). (4). (5). (). (7)

12

1.0~ —

Absorbance at 370nm (cm‘1)

09 T T T
250 300 350 400 450

Aging Time (day)
Fig. 5. Change in absorbance according to the aging time
of the ferron colormetric solution reagent B.

084

o
o
L

Absorbance at 370 nm

® ReagentA
v ReagentB

r=2.5 PACI

Time(sec)

0 2000 4000 6000 8000

7hsstal QE/dol sof PACL &34 Al Al ARE-©l
F A0 wekETh

3.3 Ferron AI(IN7 =250 &

-
=X

LA} M|z wE

Fig. 62 1=2.52} r=2.0 PACI= reagent A2} reagent B
o] Al-Ferron ¥H-3 atobrz] 9fste] Al7ke] M2 5
I H3lE YeEld Aottt 27] 533+ monomeric
whgelo] HAHoR F7R of
% polymeric species@} ferrono] HF-2-5}o] =713k 7 ©
2 SgEh =25 PACIS F2A3F pHO| 2712 Q3
monomeric species”} 7] ZA5HR] U}k S, polymeric
species”| reagent A, reagent B Z} Z} 96.6%, 92.0%=
o= FREoAnt =2.0 PACIY 79 polymeric
species”| reagent A, reagent B Z} Z} 87.7%, 85.0%%
UEG© ™ monomeric species~= 2 ZF 4.6%, 9.4%%
UERdth(Fig. 7). Reagent A, reagent BS] polymeric
species®] P> H|2® AyE UERew, d7]
H7F&0] =& r=2.5 PACI-2 polymeric speciesE 714+
ol skl &= stk =20 PACI>
reagent A, reagent B7} monomeric species $--890] th

A Zpo]E R or o]2 Q13| precipitate species 3t
39-80] Tk Ltebytth. o] Zhang et al. (2015)0]
x| o}Z]7+A] monomeric speciesS A4 dH= AJ7tol| df
o AG7F S A Gkl Ak o, o uf
2} & Aol Al monomeric species(Al,)2] G 7}
WHe 4 oleha AEol it

species®} ferron©|

£
c
o
~
©
-
©
o
Q
c
«
o
r
©
]
Q
<<
® ReagentA
0.1 ¥ ReagentB
r=2.0 PACI
0.0+ T T T
0 2000 4000 6000 8000

Time(sec)

Fig. 6. Absorbance versus the reaction time of ferron for r=2.5 and r=2.0 PACI.
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‘ I \Monomeric Al E###E Polymeric Al [l Precipitate Al ‘

Reagent A

Reagent B

r=2.5 PACI

0 20 40 60 80 100

Al Species Contents (%)

Fig. 7. Distribution of Al(II

£
=
o
~
™
®
@
(2]
=
©
2
°
w
-]
<
02 ® ReagentA
v ReagentB
r=1.5 PACI
0.0 + T T T
0 2000 4000 6000 8000

Time(sec)

Reagent A

Reagent B

o—

I !onomeric Al

% Polymeric Al [l Precipitate Al ‘

Reagent A

4
i
77
|
L

Reagent B

r=2.0 PACI

0 20 40 60 80 100

Al Species Contents (%)

) species for hydrolysis products of r=2.5 and r=2.0 PACI.

I Monomeric Al

Polymeric Al [l Precipitate Al

r=1.5 PACI

0 20 40 60 80 100
Al Species Contents (%)

Fig. 8. Absorbance versus the reaction time of ferron and distribution of A(TII) species for hydrolysis products of r=1.5 PACI.

=2.5 PACIZ} r=2.0 PACIS] A|7tof 2 &3 = W
k= A9 AR dEidey =20 PACLY
polymeric species 3H5-80] F2 AL =25 PACIS] 7

23kgHEo]l A9 o]Fo%l A FoA FYUH= A
7li s pH7F FASHA S718HAl = o polymeric
species”| precipitate species@® Fo]|7} dojdo]| wE
A o)zt 3} S ™ (Han, 2000) polymeric species”}

2 o2 =259} =2.0 PACIS ALNMR H4S & H
SRR /\11304(0H)247+ (Aljn)9 FeE|2 &A5ka ot
3 B 13}t (Bottero et al.,, 1980).

Fig. 82 r=1.5 PACI9] &34% H3}e} Al 7453l
Z -85 YERH Zojt) Reagent AL} reagent B 25
polymeric speciesE 62.8% ¢

5+ 95131 91 © ™, monomeric

species= 31.7%, 25.4% U}X|9F O & precipitate species—

5.5 %, 11.8 %= monomeric species?} precipitate species
+= reagent A, reagent B A2 358 2}polr} H YTt o]
23t A3} E3F monomeric speciesE A A= A| ko]
we Azjel g,

=0 PACI®] 7% H|LE 9|5}o] alum(Al(SOy)s-
16H,0)2] AlF #3o tisf vl A3 Z8¥shlaL
Fig. 90| UeH Iet Ferron A|oFSE =Q)8kaL HE-g 2%
FTAE FF=7 AT A Q"J’B}MF’— Fig. 109]
X]19}ZFo] monomeric species”} 552 *}X|5}aL Qlth
=0 PACI Trinh (2012)9] AL AT o) A= ferron A]oF
o] 302 W B FAE wWsh UehiA gob
monomeric species® ©]F0] A
alum®] 7 Han (2000)2] d--Z27}o] 25 monomeric
species”} 90~97%E §-Aol= Ao =Z YEyTh

1=}
Te=
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IWAE Ferron 241 HImE E35t Al(lll) 7-E6iZ E4 oI

O

Absorbance at 370 nm

® Reagent A

r=0 PACI v Reagent B

05 4 T T
0 2000 4000

6000 8000

Time(sec)

Absorbance at 370 nm

# ReagentA
v ReagentB

Alum

05

0 2000 4000 6000 8000

Time(sec)

Fig. 9. Absorbance versus the reaction time of ferron for r=0 PACI and alum.

I Vonomeric Al Polymeric Al Hlll Precipitate Al

Reagent A

Reagent B

r=0 PACI

0 20 40 60 80 100

Al Species Contents (%)

Fig. 10. Distribution of Al(

=ZzZ O

Monomeric species”} £ o|F= alum} r=0 PACI
L 2 o1z19] AE}2E} o] Hoja Y B A7
UelHTH (Bertsch, 1987). HlHHO
species”} =Fol| A 7HE 3| =™ precipitate speciesS
el ofu) <Imte] UL YAl S5l <l A
Aol @aapAo|gtar & At (Parker and Bertsch,
1992a). Al(I7}-8lf & #3x2= 19 A AL A8
o] wr} oA SH= = polymeric species”} A& O &2
L3 7hpRa] AAE R AI(OH); Q] precipitate species
= PAsh=d| 347} )24 monomeric species®] 7}
el A4 AOHNE 559] 17 F2Eo] Fofit
2 AP it L ci(Tinh and Ko, 2013, ol
w2} monomeric speciesS -3 -S-F A7} ¢l A Ao
anHe AL & % Urk

monomeric

O

IR Vonomeric Al

i Polymeric Al Bl Precipitate Al

Reagent A

Reagent B

Alum

0 20 40 60 80 100
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